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$EVWUDFW²7KLV SDSHU SUHVHQWV D VWUDWHJ\ IRU DFKLHYLQJ
PHWURORJLFDOWUDFHDELOLW\XVLQJYHFWRUQHWZRUNDQDO\]HUV91$V
DW VXEPLOOLPHWHUZDYH IUHTXHQFLHV  WR  *+] 7KH
VWUDWHJ\ LQFOXGHV WKH XVH RI WUDFHDEOH FDOLEUDWLRQ WHFKQLTXHV
GHVLJQHGIRURSHUDWLRQDWWKHVHIUHTXHQFLHV6OLJKWEXWVLJQLILFDQW
SK\VLFDOGLIIHUHQFHVEHWZHHQWKHZDYHJXLGH OLQHVWDQGDUGVXVHG
GXULQJ FDOLEUDWLRQ DUH DFFRPPRGDWHG E\ DSSO\LQJ D ZHLJKWLQJ
WHFKQLTXH WR FRPELQH UHVXOWV XVLQJ GLIIHUHQW FDOLEUDWLRQ OLQHV
0HDVXUHPHQW XQFHUWDLQW\ LV DVVHVVHG E\ DQDO\]LQJ UHSOLFDWH
PHDVXUHPHQW GDWD WR WDNH DFFRXQW RI WKH GLIIHUHQW ZDYHJXLGH
LQWHUIDFH LQWHUDFWLRQV WKDW RFFXU ZKHQ WKH OLQH VWDQGDUGV DUH
FRQQHFWHG WR WKH 91$ 7KH VWUDWHJ\ LV LOOXVWUDWHG XVLQJ
PHDVXUHPHQWV PDGH LQ WKH :0  *+] WR  *+]
ZDYHJXLGHEDQG

,QGH[ 7HUPV²0HDVXUHPHQW WUDFHDELOLW\ YHFWRU QHWZRUN
DQDO\]HU FDOLEUDWLRQ ZDYHJXLGH VXEPLOOLPHWHUZDYH
PHDVXUHPHQWVPHDVXUHPHQWXQFHUWDLQW\

, ,1752'8&7,21
UHFHQW WHFKQRORJ\ URDGPDS >@ KLJKOLJKWHG WKH UDSLG
JURZWK LQ H[SORLWDWLRQ RI WHFKQRORJ\ WKDW XVHV WKH
VXEPLOOLPHWHUZDYHLHWHUDKHUW]SDUWRIWKHHOHFWURPDJQHWLF
VSHFWUXP 7KLV LQFOXGHG WKH GHYHORSPHQW RI HOHFWURQLF
FRPSRQHQWV LQFOXGLQJ VHPLFRQGXFWRUV WKDW RSHUDWH DW WKHVH
IUHTXHQFLHV 6HYHUDO UHFHQW ODUJH UHVHDUFK DFWLYLWLHV KDYH
FRQFHQWUDWHGRQWKHGHYHORSPHQWRIWKHVHVHPLFRQGXFWRUGHYLFH
WHFKQRORJLHV)RUH[DPSOHWKH86$'$53$7+](OHFWURQLFV
3URJUDP>@GHYHORSHGHOHFWURQLFFRPSRQHQWVLHWUDQVLVWRUV
HWF WR HQDEOH HOHFWURQLF FLUFXLWV WR EH UHDOL]HG IRU
FRPPXQLFDWLRQV DSSOLFDWLRQV ± VSHFLILFDOO\ DW WKUHH
IUHTXHQFLHV*+]*+]DQG*+]FRUUHVSRQGLQJ
WR ³SURSDJDWLRQ ZLQGRZV´ ZKHUH DWPRVSKHULF DWWHQXDWLRQ LV
UHODWLYHO\ORZLQWKLVSDUWRIWKHHOHFWURPDJQHWLFVSHFWUXP$
UHODWHG UHVHDUFK DFWLYLW\ LQ (XURSH ZDV WKH µGRWVHYHQ¶ (8
SURMHFW>@ZKLFKGHYHORSHGHOHFWURQLFFRPSRQHQWFDSDELOLWLHV
WR*+]
 7KH GHYHORSPHQW RI VXFK GHYLFHV KDV GULYHQ WKH QHHG IRU
DFFXUDWHDQGUHOLDEOHPHDVXUHPHQWFDSDELOLWLHVWRHQDEOHWKHVH
GHYLFHV WR EH WHVWHG DQG FKDUDFWHUL]HG IRU XVH LQ SUDFWLFDO
FLUFXLWV VXFK DV DPSOLILHUV WUDQVFHLYHUV HWF 7KLV SDSHU

7KLV ZRUN ZDV SDUWVXSSRUWHG E\ WKH  1DWLRQDO 0HDVXUHPHQW
6\VWHP1063URJUDPRIWKH8.JRYHUQPHQW¶V'HSDUWPHQWIRU%XVLQHVV
(QHUJ\	,QGXVWULDO6WUDWHJ\%(,6
105LGOHUDQG0-6DOWHUDUHZLWKWKH1DWLRQDO3K\VLFDO/DERUDWRU\
7HGGLQJWRQ8.HPDLOQLFNULGOHU#QSOFRXNPDUWLQVDOWHU#QSOFRXN
GHVFULEHV VRPH UHFHQW ZRUN RQ HVWDEOLVKLQJ D VWUDWHJ\ IRU
SURYLGLQJ WUDFHDEOH PHDVXUHPHQW FDSDELOLWLHV DW WKHVH
IUHTXHQFLHV ± VSHFLILFDOO\ LQ ZDYHJXLGH EDQGV FRYHULQJ WKH
ZKROHVXEPLOOLPHWHUZDYHIUHTXHQF\UHJLRQLHIURP*+]
WR  *+] 7KLV IUHTXHQF\ UDQJH LQFOXGHV DOO WKH DERYH
IUHTXHQFLHVRILQWHUHVW,PSOHPHQWDWLRQRIWKHVWUDWHJ\LVVKRZQ
ZLWK VRPH H[DPSOH PHDVXUHPHQW UHVXOWV REWDLQHG LQ WKH
:0ZDYHJXLGHEDQGIURP*+]WR*+]
,, &$/,%5$7,2167$1'$5'6$1'7(&+1,48(6
$W UDGLR PLFURZDYH DQG PLOOLPHWHUZDYH IUHTXHQFLHV
PHDVXUHPHQWV RI HOHFWURQLF GHYLFHV DUH XVXDOO\ PDGH XVLQJ
YHFWRUQHWZRUNDQDO\]HUV 91$V7KHDFFXUDF\RI WKH91$
PHDVXUHPHQWVLVDVVXUHGWKURXJKWKHXVHRIUHOLDEOHFDOLEUDWLRQ
WHFKQLTXHV DQG UHIHUHQFH VWDQGDUGV WKDW DUH WUDFHDEOH WR WKH
,QWHUQDWLRQDO 6\VWHP RI XQLWV 6, >@ 7KH PRVW DSSURSULDWH
VWDQGDUGV IRU WKLV SXUSRVH DUH XVXDOO\ VHFWLRQV RI SUHFLVLRQ
WUDQVPLVVLRQOLQHV)RUH[DPSOHDLUGLHOHFWULFFRD[LDOOLQHVKDYH
EHHQXVHGDVVXFKVWDQGDUGVDWIUHTXHQFLHVXSWR*+]>@DQG
VHFWLRQVRIDLUILOOHGUHFWDQJXODUPHWDOOLFZDYHJXLGHKDYHEHHQ
XVHG DW IUHTXHQFLHV XS WR  *+] >@ ,Q ERWK FDVHV WKHVH
VWDQGDUGVDUHXVHG LQFRQMXQFWLRQZLWK WKH7KUX5HIOHFW/LQH
75/ >@ DQG /LQH5HIOHFW/LQH /5/ >@ FDOLEUDWLRQ
WHFKQLTXHV WR HVWDEOLVK PHDVXUHPHQW WUDFHDELOLW\ IRU WKH
FDOLEUDWHG 91$ 0HDVXUHPHQW WUDFHDELOLW\ LV DFKLHYHG E\
SHUIRUPLQJGLPHQVLRQDOPHDVXUHPHQWVRQWKHVH/LQHVWDQGDUGV
DQGOLQNLQJWKHVHGLPHQVLRQDOPHDVXUHPHQWVWRWKH6,EDVHXQLW
WKHPHWHU
7KHVH75/DQG/5/FDOLEUDWLRQWHFKQLTXHVFDQEHH[WHQGHG
WR KLJKHU IUHTXHQFLHV LH DERYH  *+] DJDLQ XVLQJ
SUHFLVLRQ VHFWLRQV RI ZDYHJXLGH DV WKH UHIHUHQFH VWDQGDUGV
+RZHYHU FRQVLGHUDWLRQ LV QHHGHG UHJDUGLQJ WKH VKRUWHU
ZDYHOHQJWKVWKDWRFFXUDWWKHVHKLJKHUIUHTXHQFLHV
)LUVWO\WKH75/DQG/5/FDOLEUDWLRQVFKHPHVUHTXLUHYHU\
DFFXUDWH GLPHQVLRQDO FKDUDFWHUL]DWLRQ RI WKH ILUVW RI WKHVH
VWDQGDUGV EHFDXVH WKH HOHFWULFDO FKDUDFWHULVWLFV LH
6SDUDPHWHUVRIWKHILUVWVWDQGDUGQHHGVWREHDVVXPHGWREH
IXOO\NQRZQ>@,QWKHFDVHRI75/WKHILUVWVWDQGDUGLVD7KUX
FRQQHFWLRQZKLFKGRHVQRWLQYROYHWKHXVHRIDSK\VLFDOOHQJWK
RIOLQH±LWLVDFKLHYHGE\VLPSO\MRLQLQJWKHWZR91$WHVWSRUWV
5 * &ODUNH LV ZLWK WKH 8QLYHUVLW\ RI /HHGV /HHGV 8. HPDLO
UJFODUNH#OHHGVDFXN
& /L LV ZLWK WKH 8QLYHUVLW\ RI *ODVJRZ *ODVJRZ 8. HPDLO
FKRQJOL#JODVJRZDFXN
6WUDWHJLHVIRU7UDFHDEOH6XEPLOOLPHWHUZDYH
9HFWRU1HWZRUN$QDO\]HU0HDVXUHPHQWV
1LFN05LGOHU)HOORZ,(((5RODQG*&ODUNH0HPEHU,(((&KRQJ/L6HQLRU0HPEHU,(((
DQG0DUWLQ-6DOWHU0HPEHU,(((
$
WRJHWKHU +RZHYHU LQ WKH FDVH RI /5/ WKH HOHFWULFDO
FKDUDFWHULVWLFVRIWKHILUVW/LQHVWDQGDUGQHHGWREHDVVXPHGWR
EH IXOO\NQRZQ6XFKDFKDUDFWHUL]DWLRQ LVXVXDOO\SHUIRUPHG
XVLQJ GLPHQVLRQDO PHDVXUHPHQWV 0HDVXUHG LPSHUIHFWLRQV LQ
WKH GLPHQVLRQV RI WKH ZDYHJXLGH /LQH VWDQGDUG LPSDFW WKH
TXDOLW\ RI WKH /5/ FDOLEUDWLRQ $W ORZ IUHTXHQFLHV ZKHUH
ZDYHOHQJWKV DUH UHODWLYHO\ ORQJ WKH LPSDFW RI WKHVH
GLPHQVLRQDOLPSHUIHFWLRQVZLOOEHUHODWLYHO\VPDOO+RZHYHUDW
KLJK IUHTXHQFLHV LH DERYH  *+] WKHVH GLPHQVLRQDO
LPSHUIHFWLRQV LQ WKH /LQH VWDQGDUG FDQQR ORQJHUEH LJQRUHG
)RU WKLV UHDVRQ WKH /5/ FDOLEUDWLRQ WHFKQLTXH LV QRW
UHFRPPHQGHG IRU KLJK SUHFLVLRQ PHDVXUHPHQW DSSOLFDWLRQV
DERYH*+]
0HDVXUHPHQWWUDFHDELOLW\KDVSUHYLRXVO\EHHQLPSOHPHQWHG
DW WKHVH KLJK PLOOLPHWHUZDYH IUHTXHQFLHV XVLQJ D PRGLILHG
YHUVLRQ RI WKH 75/ FDOLEUDWLRQ WHFKQLTXH >@ ,Q D
FRQYHQWLRQDO75/FDOLEUDWLRQ WKH/LQHVWDQGDUGFRQVLVWVRID
VHFWLRQRIOLQHWKDWSURYLGHVDFKDQJHLQWKHWUDQVPLVVLRQSKDVH
ZLWKUHVSHFWWRWKH7KUXFRQQHFWLRQRIDSSUR[LPDWHO\q±LH
óZDYHOHQJWKóZDYH±DWIUHTXHQFLHVDURXQGWKHPLGGOHRI
WKH ZDYHJXLGH EDQG +RZHYHU DW KLJKHU IUHTXHQFLHV ZKHUH
ZDYHOHQJWKVDUHVPDOOWKLVUHTXLUHVWKHXVHRIDOLQHZLWKYHU\
VKRUW OHQJWK IRU H[DPSOH D óZDYH OLQH LQ :0
ZDYHJXLGHZKLFKRSHUDWHVIURP*+]WR*+]LVRQO\
 PP LQ OHQJWK 6XFK D VKRUW VHFWLRQ RI OLQH FDQ HDVLO\
EHFRPH GDPDJHG GXULQJ XVH DQG VR VXFK OLQHV DUH QRW
FRQVLGHUHGVXLWDEOHIRUWKLVUROH7KHPRGLILHG75/WHFKQLTXH
LQ>@IRUFDOLEUDWLRQVRYHUWKHIUHTXHQF\UDQJH*+]WR
*+]XVHGWZRVHFWLRQVRIZDYHJXLGHIRUHDFKZDYHJXLGH
EDQGSURYLGLQJDSKDVHFKDQJHRIqLHôZDYHDW WZR
GLIIHUHQWIUHTXHQFLHVDFURVV WKHZDYHJXLGHEDQG±RQHLQ WKH
ORZHUKDOIRIWKHEDQGDQGRQHLQWKHXSSHUKDOIRIWKHEDQG
7KLV WHFKQLTXH KDV EHHQ GHVFULEHG LQ GHWDLO LQ >@ ZKLFK
SUHVHQWV JHQHUDOL]HG FDOLEUDWLRQ VWUDWHJLHV IRU 91$V DW WKHVH
PLOOLPHWHUZDYH IUHTXHQFLHV 5HIHUHQFH >@ DOVR GHVFULEHG
H[WHQGLQJ WKHVH VWUDWHJLHV WR VXEPLOOLPHWHUZDYH IUHTXHQFLHV
E\XVLQJWKUHHVHFWLRQVRIZDYHJXLGHSURYLGLQJDSKDVHFKDQJH
RIq LHZDYHDW WKUHHGLIIHUHQW IUHTXHQFLHVDFURVVD
JLYHQZDYHJXLGHEDQG+RZHYHULWLVTXLWHWLPHFRQVXPLQJWR
FRQQHFW WKHWKUHH OLQHV WKDWDUHQHHGHGZLWKWKLV WHFKQLTXH WR
FRYHU WKH IXOO EDQGZLGWK RI HDFK ZDYHJXLGH EDQG DQG DOVR
LQFUHDVHVPHDVXUHPHQWXQFHUWDLQW\GXHWRPLVDOLJQPHQWDQGVR
WKLV WHFKQLTXH KDV QRW EHHQ LPSOHPHQWHG URXWLQHO\ DW WKHVH
VXEPLOOLPHWHUZDYHIUHTXHQFLHV
$QDOWHUQDWLYHVWUDWHJ\LVWRNHHSWRXVLQJMXVWWZRôZDYH
OLQHV DW WKHVH VXEPLOOLPHWHUZDYH IUHTXHQFLHV $FFRUGLQJ WR
>@ WKHIROORZLQJVWHSVDUHXVHGWRGHWHUPLQHWKHOHQJWKVRI
WKHWZR75/OLQHVWRDFKLHYHôZDYH75/FDOLEUDWLRQLQDQ\
JLYHQZDYHJXLGHEDQG
6WHSGHWHUPLQHWKHOHQJWKRIWKHILUVWOLQHODVIROORZV
 ݈ଵ ൌ  ఒౝሺౣ౗౮ሻଷ଺଴ ൈ ߮୫୧୬       
ZKHUH OJPD[ LV WKH JXLGH ZDYHOHQJWK DW WKH ORZHVW
UHFRPPHQGHG IUHTXHQF\ LQ WKHZDYHJXLGHEDQGDQG߮୫୧୬ LVWKHPLQLPXPUHFRPPHQGHGSKDVHFKDQJH
7KH 75/ FDOLEUDWLRQ VFKHPH ZRUNV RSWLPDOO\ ZKHQ WKH
GLIIHUHQFHLQSKDVHEHWZHHQWKH7KUXDQGWKH/LQHVWDQGDUGVLV
QODQGIDLOVFRPSOHWHO\ZKHQWKLVSKDVHGLIIHUHQFHLV
QOZKHUHLQERWKFDVHVQ 7KHUHIRUHWKH
OHQJWKV RI 75/ OLQHV DUH FKRVHQ WR DYRLG SURYLGLQJ SKDVH
GLIIHUHQFHVWKDWDUHFORVHWRWKHVHFDOLEUDWLRQIDLOXUHSRLQWV,Q
>@DPLQLPXPSKDVHGLIIHUHQFHFULWHULRQZDVVHWVXFKWKDWDOO
SKDVHGLIIHUHQFHVZHUHDWOHDVWqDZD\IURPWKHFDOLEUDWLRQ
IDLOXUHSRLQWV)RUDóZDYH75/FDOLEUDWLRQWKHVHFDOLEUDWLRQ
IDLOXUH SRLQWV RFFXU DW q DQG q )RU D ôZDYH 75/
FDOLEUDWLRQ WKHVH FDOLEUDWLRQ IDLOXUHSRLQWVRFFXU DW q DQG
q7KHUHIRUHZKHQLPSOHPHQWLQJDôZDYH75/FDOLEUDWLRQ
SURFHGXUHSKDVHFKDQJHVDUHGHVLJQHGWREHDWOHDVWqJUHDWHU
WKDQ q LH !q DQG DW OHDVW q OHVV WKDQ q LH
q7KHUHIRUHĳPLQ qLQHTXDWLRQ
݈ଵ ൌ  ஛ౝሺౣ౗౮ሻଷ଺଴ ൈ ɔ୫୧୬ ൌ  Oౝሺౣ౗౮ሻଷ଺଴ ൈ  ? ? ? ൎ  ?Ǥ ? ? ?O୥ሺ୫ୟ୶ሻ 
6WHS(VWDEOLVKWKHXVHDEOHXSSHUIUHTXHQF\OLPLWIRUOLH
WKH IUHTXHQF\ DW ZKLFK WKH PD[LPXP SKDVH FKDQJH ĳPD[
 q RFFXUV  7KLV LV DFKLHYHG E\ GHWHUPLQLQJ WKH JXLGH
ZDYHOHQJWKOJI DW WKH IUHTXHQF\ I DW ZKLFK WKH PD[LPXP
SKDVHFKDQJHRFFXUV

O୥ሺ௙ሻ ൌ  ଷ଺଴ൈ௟భ஦ౣ౗౮ ൌ  ଷ଺଴ଷଷ଴ ൈ ݈ଵ ൎ  ?Ǥ ? ? ?݈ଵ    
DQGWKHQGHWHUPLQLQJIXVLQJ

݂ ൌ  Qඨଵା൬Oౝሺ೑ሻOబ ൰మOౝሺ೑ሻ          

ZKHUHQLVWKHVSHHGRIHOHFWURPDJQHWLFZDYHVLQWKHDLUILOOHG
ZDYHJXLGHDQGOLVWKHZDYHJXLGHFXWRIIZDYHOHQJWK
6WHS  GHWHUPLQH WKH OHQJWK RI WKH VHFRQG OLQH O ZKLFK
JLYHV WKH PD[LPXP SKDVH FKDQJH ĳPD[  q DW WKH
PD[LPXP UHFRPPHQGHG IUHTXHQF\ IRU WKH JLYHQ ZDYHJXLGH
EDQG
݈ଶ ൌ  ஛ౝሺౣ౟౤ሻଷ଺଴ ൈ ɔ୫ୟ୶ ൌ  Oౝሺౣ౟౤ሻଷ଺଴ ൈ  ? ? ? ൎ  ?Ǥ ? ? ?O୥ሺ୫୧୬ሻ 
ZKHUHOJPLQLVWKHPLQLPXPJXLGHZDYHOHQJWKZKLFKRFFXUV
DWWKHKLJKHVWUHFRPPHQGHGIUHTXHQF\LQWKHZDYHJXLGHEDQG
6WHSHVWDEOLVKWKHXVHDEOHORZHUIUHTXHQF\OLPLWIRUOLH
WKHIUHTXHQF\DWZKLFKĳPLQ qRFFXUV7KLVLVDFKLHYHG
E\GHWHUPLQLQJWKHJXLGHZDYHOHQJWKOJIDWWKHIUHTXHQF\I
DWZKLFKWKHPD[LPXPSKDVHFKDQJHRFFXUV

O୥ሺ௙ሻ ൌ  ଷ଺଴ൈ௟మ஦ౣ౟౤ ൌ  ଷ଺଴ଶଵ଴ ൈ ݈ଶ ൎ  ?Ǥ ? ? ?݈ଶ    
WKHQFDOFXODWLQJIXVLQJHTXDWLRQ
7RLOOXVWUDWHWKLVSURFHGXUH7DEOHVKRZVôZDYH75/OLQH
FKRLFHV IRU VWDQGDUGL]HG ZDYHJXLGH EDQGV >@ LQ WKH
VXEPLOOLPHWHUZDYHUHJLRQ±LHIURP*+]WR*+]
1RWH DW WKH WLPH RI ZULWLQJ WKLV SDSHU 91$V DUH QRW
FRPPHUFLDOO\DYDLODEOHLQZDYHJXLGHEDQGVEH\RQG:0

7$%/(,
ô:$9(75/&$/,%5$7,2186,1*7:2/,1(6
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
O
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
:0     
:0     
:0     
:0     
:0     
:0     
:0     
:0     
:0     
:0     

,,, /,1(&+$1*(29(5
7DEOH  VKRZV WKDW IRU HDFK ZDYHJXLGH EDQG WKH XVHDEOH
EDQGZLGWKVIRUERWKOLQHVODQGOVKRZVRPHRYHUODS±LH
IUHTXHQFLHVZKHUHHLWKHUOLQHFDQEHXVHGWRDFKLHYHVDWLVIDFWRU\
FDOLEUDWLRQ)RUH[DPSOHLQWKH:0EDQGVLQFHOFDQEH
XVHG IURP *+] WR  *+] DQG O FDQ EH XVHG IURP
*+]WR*+]WKHRYHUODSUHJLRQZKHUHERWKOLQHVFDQ
EHXVHGLVIURP*+]WR*+]DEDQGZLGWKRI*+]
:KHQ WKH ôZDYH 75/ FDOLEUDWLRQ WHFKQLTXH KDV EHHQ XVHG
SUHYLRXVO\ DW PLOOLPHWHUZDYH IUHTXHQFLHV >@ D OLQH
FKDQJHRYHUIUHTXHQF\KDVEHHQVHOHFWHGVRPHZKHUHZLWKLQWKLV
RYHUODSUHJLRQHJDWDIUHTXHQF\LQWKHPLGGOHRIWKHRYHUODS
UHJLRQ VR WKDW O LV XVHG DV WKH 75/ /LQH VWDQGDUG DW DOO
IUHTXHQFLHVXSWRWKHFKDQJHRYHUIUHTXHQF\DQGOLVXVHGDVWKH
75/ /LQH VWDQGDUG DW DOO IUHTXHQFLHV DW DQG DERYH WKH
FKDQJHRYHUIUHTXHQF\
+RZHYHU DW VXEPLOOLPHWHUZDYH IUHTXHQFLHV LW KDV EHHQ
IRXQG WKDW WKH FKDQJH EHWZHHQ XVLQJ WKH WZR GLIIHUHQW OLQH
VWDQGDUGVLQWURGXFHVDVWHSFKDQJHLQWKHPHDVXUHPHQWUHVXOWV
PDGH XVLQJ D 91$ FDOLEUDWHG XVLQJ WKLV ôZDYH 75/
WHFKQLTXH6XFKVWHSFKDQJHVDUHGXHWRHLWKHUGLIIHUHQFHVLQWKH
ZDYHJXLGHGLPHQVLRQVRU WKH IODQJHFRQQHFWLRQV IRU WKH WZR
OLQHVWDQGDUGVRUERWK$QH[DPSOHRIVXFKDVWHSLQPHDVXUHG
6SDUDPHWHUV LV VKRZQ LQ )LJ  ZKLFK VKRZV DQ 6
PHDVXUHPHQW RI D  PP OHQJWK RI OLQH DV D '87 LQ WKH
:0ZDYHJXLGHEDQGLHIURP*+]WR*+])LJ
DDQGEVKRZWKHUHDODQGLPDJLQDU\FRPSRQHQWVRI6
UHVSHFWLYHO\ 7KH IUHTXHQF\ UDQJH ZKHUH WKH PP OLQH LV
XVHGDVDVWDQGDUGLVVKRZQXVLQJDEOXH WUDFHWKHIUHTXHQF\
UDQJH ZKHUH WKHPP OLQH LV XVHG DV D VWDQGDUG LV VKRZQ
XVLQJDQRUDQJH WUDFH 7KHVWHS LQ WKHPHDVXUHG6SDUDPHWHU
WKDWRFFXUVDWDURXQG*+]LVGXHWRWKHFKDQJHLQWKHXVH
RIWKHWZRFDOLEUDWLRQOLQHVWDQGDUGV±LHFKDQJLQJIURPXVLQJ
O PPWRO PPVKRZQLQ7DEOH,(DFKOLQHZLOO
KDYH VOLJKWO\ GLIIHUHQW GLPHQVLRQDO LPSHUIHFWLRQV ± LQ HIIHFW
HDFK OLQH SURYLGHV D GLIIHUHQW UHIHUHQFH LPSHGDQFH ZKLFK
VLJQLILFDQWO\LPSDFWVWKHFDOLEUDWLRQTXDOLW\





)LJD5HDOFRPSRQHQWRI6IRUDPPOLQHDVD'87VKRZLQJDVWHSFKDQJHLQUHVSRQVHDWDURXQG*+]



)LJE,PDJLQDU\FRPSRQHQWRI6IRUDPPOLQHDVD'87VKRZLQJDVWHSFKDQJHLQUHVSRQVHDWDURXQG*+]

7RDYRLGWKHVWHSFKDQJHLQ91$FDOLEUDWLRQWKDWRFFXUVDW
VXEPLOOLPHWHUZDYH IUHTXHQFLHV ZKHQ FKDQJLQJ EHWZHHQ
GLIIHUHQW FDOLEUDWLRQ OLQH VWDQGDUGV D FRPELQLQJ IXQFWLRQ LV
LQWURGXFHGWKDWHIIHFWLYHO\PDNHVXVHWRVRPHH[WHQWRIGDWD
IURPERWK OLQHV WKDWDUHXVHGGXULQJFDOLEUDWLRQ5HFRJQL]LQJ
WKDW WKH GDWD IURP ERWK OLQHV ZLOO QRW EH HTXDOO\ ZHOO
FRQGLWLRQHGDWDOOIUHTXHQFLHVGXHWRWKHSUR[LPLW\RIWKHSKDVH
FKDQJH GXH WR WKH OLQH ZLWK UHVSHFW WR WKH FDOLEUDWLRQ IDLOXUH
IUHTXHQFLHVDZHLJKWLQJIXQFWLRQLVXVHGWRFRPELQHWKHWZR
VHWVRI6SDUDPHWHUUHVXOWVRQHVHWRIUHVXOWVGHULYHGXVLQJODV
WKH75/OLQHVWDQGDUGWKHRWKHUVHWRIUHVXOWVGHULYHGXVLQJO
DVWKH75/OLQHVWDQGDUG
,WZDVUHFRJQL]HGLQ>@WKDWPHDVXUHPHQWHUURUGXHWRD
OLQH¶VSKDVHGLIIHUHQFHZLWKUHVSHFWWRWKHWKUXFRQQHFWLRQLV
LQYHUVHO\SURSRUWLRQDO WR WKH VLQHRI WKHSKDVHGLIIHUHQFH  ,W
WKHUHIRUHVHHPVUHDVRQDEOHWREDVHDZHLJKWLQJIXQFWLRQDURXQG
WKHVLQHIXQFWLRQ,QSUDFWLFHDVLQHVTXDUHGZHLJKWLQJIXQFWLRQ
LVXVHGKHUHWRHQVXUHLWKHZHLJKWVDUHDOZD\VSRVLWLYHDQG
LLWKHZHLJKWGHFD\VUDSLGO\DZD\IURPWKHUHJLRQZKHUHWKH
ôZDYH FDOLEUDWLRQ JLYHV RSWLPXP SHUIRUPV ± LH DW WKH
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IUHTXHQF\FRUUHVSRQGLQJWRDôZDYHOHQJWK7KHUHIRUHDWHDFK
PHDVXUHPHQWIUHTXHQF\WKHGDWDLVZHLJKWHGDFFRUGLQJWRKRZ
ZHOOVXLWHGWKH75/OLQHVWDQGDUGVODQGODUHIRUSURYLGLQJ
GDWDDWDQ\JLYHQIUHTXHQF\
)LUVW RI DOO ZH DVVLJQ ZHLJKWV ZL VXFK WKDW   ZL  
DFFRUGLQJWRWKHSKDVHࢥLRIOLQHVWDQGDUGLL RU

ZL VLQࢥL        

)RUH[DPSOHZL DWQȜJDQGZL DWQȜJIRU
Q ZKHUHȜJLVWKHJXLGHZDYHOHQJWK
:H WKHQXVHDZHLJKWHGPHDQݔොRIGDWD[L IURPWKHWZR
OLQHVDWHDFKIUHTXHQF\
 ݔො ൌ   ? ௫೔௪೔మ೔సభ ? ௪೔మ೔సభ        
ZKHUH[LLVHLWKHUWKHUHDORULPDJLQDU\FRPSRQHQWUHVSHFWLYHO\
RIHDFKRIWKHIRXUHUURUFRUUHFWHG6SDUDPHWHUV
,9 5(68/76
)LJVKRZVWKHPHDVXUHG6UHVXOWVIRUWKHPPOHQJWK
RI OLQHVKRZQLQ)LJ DVD'87PHDVXUHGZLWKUHVSHFW WR
ERWK 75/ FDOLEUDWLRQ OLQH VWDQGDUGV QRPLQDO OHQJWKV O  
PPDQGO PPEHIRUHDWWHPSWLQJWRFRPELQHWKHWZR
VHWVRIPHDVXUHPHQWUHVXOWV)LJDVKRZVUHVXOWVIRUWKHUHDO
FRPSRQHQWRI6DQG)LJEVKRZVUHVXOWVIRUWKHLPDJLQDU\
FRPSRQHQWRI6

)LJD5HDOFRPSRQHQWRI6IRUDPPOLQHVKRZLQJLQVWDELOLWLHVDWDSSUR[LPDWHO\*+]DQG*+]


)LJE,PDJLQDU\FRPSRQHQWRI6IRUDPPOLQHVKRZLQJLQVWDELOLWLHVDWDSSUR[LPDWHO\*+]DQG*+]

,IWKHSUHYLRXVPHWKRGRIXVLQJMXVWRQHOLQHDVWKHFDOLEUDWLRQ
OLQH VWDQGDUG DW HDFK IUHTXHQF\ LV XVHG DQG D FKDQJHRYHU
IUHTXHQF\LQWKHRYHUODSUHJLRQLVXVHGWRFRPELQHWKHWZRVHWV
RIGDWD WKH UHVXOWVREWDLQHGDUH DV VKRZQ LQ)LJV D DQG E
ZKHUHWKHOLQHFKDQJHRYHUIUHTXHQF\ZDVFKRVHQWREHDURXQG
*+]$VWHSLVFOHDUO\VHHQDW*+]FRUUHVSRQGLQJWR
WKHFKDQJHEHWZHHQWKHWZRFDOLEUDWLRQOLQHVWDQGDUGV7KLVLV
FOHDUO\ QRW DWWULEXWDEOH WR WKH SHUIRUPDQFH RI WKH '87 DQG
WKHUHIRUH LQGLFDWHV VLJQLILFDQW PHDVXUHPHQW HUURU HPDQDWLQJ
IURPWKHFDOLEUDWLRQSURFHVV
5HWXUQLQJ WR)LJERWK WUDFHVLQHDFKJUDSKVKRZUHVXOWV
WKDWDUHVLJQLILFDQWO\GLIIHUHQWIURPHDFKRWKHU7KHUHLVDOVR
FOHDULQVWDELOLW\LQWKHUHVXOWVDSSUR[LPDWHO\*+]IRURQH
VHWRIPHDVXUHPHQWVDQGDSSUR[LPDWHO\*+]IRUWKHRWKHU
VHW RI PHDVXUHPHQWV 7KHVH LQVWDELOLWLHV FRUUHVSRQG WR WKH
FDOLEUDWLRQ IDLOXUH IUHTXHQFLHVZKHQ WKHSKDVH FKDQJHIRU WKH
OLQHVWDQGDUGSDVVHVWKURXJKHLWKHUqRUq
,QSUDFWLFHLWKDVEHHQ IRXQGWKDW WKHIUHTXHQFLHVDWZKLFK
WKHVHFDOLEUDWLRQVEHFRPHXQVWDEOHGRQRWFRUUHVSRQGH[DFWO\
ZLWK WKH IUHTXHQFLHV SUHGLFWHG E\ SKDVH FKDQJHV FDOFXODWHG
IURPWKHPHDVXUHGPHFKDQLFDOOHQJWKRIWKHOLQHV7KLVLVGXH
WRGHSDUWXUHVLQWKHSKDVHFRQVWDQWRIWKHOLQHIURPWKHFODVVLFDO
YDOXH GXH WR HIIHFWV VXFK DV ILQLWH FRQGXFWLYLW\ DQG VXUIDFH
URXJKQHVVRIWKHLQWHUQDOZDOOVRIWKHZDYHJXLGHOLQH6LQFHWKH
6SDUDPHWHU UHVXOWVRI WKH'87 FOHDUO\ VKRZ WKH IUHTXHQFLHV
ZKHUHWKHUHVXOWVEHFRPHXQVWDEOHWKLVREVHUYDWLRQFDQEHXVHG
WRVHWWKHZHLJKWVWR]HURDWWKHVHIUHTXHQFLHV
$WWKHFDOLEUDWLRQIDLOXUHIUHTXHQF\IRUOLQHVWDQGDUGLL 
RUDOOWKH6SDUDPHWHUVRIDGHYLFHPHDVXUHGZLWKUHVSHFWWR
WKHOLQHVKRZDQ LQVWDELOLW\7KHFDOLEUDWLRQIDLOXUHIUHTXHQF\
FDQ EH HVWLPDWHG E\ ILQGLQJ WKH IUHTXHQF\ IRL DW ZKLFK WKH
OLQHDU PDJQLWXGH RI DQ\ RQH RI WKH IRXU 6SDUDPHWHUV RI WKH
GHYLFH HJ 6 KDV D PD[LPXP FRUUHVSRQGLQJ WR WKH
LQVWDELOLW\7RREWDLQ DZHLJKWLQJ IXQFWLRQ IRU OLQH VWDQGDUG L
WKDWYDQLVKHVDWWKHREVHUYHGFDOLEUDWLRQIDLOXUHIUHTXHQF\WKH
ZHLJKWLQJIXQFWLRQݓ௜ RIHTXDWLRQLVVKLIWHGLQIUHTXHQF\DVIROORZV
 ݓప෦ሺ݂ሻ ൌ ݓ௜ሺ݂ ൅ ȟ ௜݂ሻ ൌ ݏ݅݊ଶ߶௜ሺ݂ ൅ ȟ ௜݂ሻ   
ZKHUHILVIUHTXHQF\ȟ ௜݂ ൌ ௣݂௜ െ ௢݂௜ LVWKHGLIIHUHQFHEHWZHHQWKHFDOLEUDWLRQIDLOXUHIUHTXHQF\SUHGLFWHGIURPWKHPHDVXUHG
OLQHOHQJWK ௣݂௜ DQGWKHREVHUYHGFDOLEUDWLRQIDLOXUHIUHTXHQF\௢݂௜,WLVWKHVHVKLIWHGZHLJKWLQJIXQFWLRQVݓప෦WKDWDUHDFWXDOO\XVHGWRIRUPWKHZHLJKWHGPHDQLQHTXDWLRQ,QHTXDWLRQ
WKH VKLIWHG ZHLJKW IXQFWLRQ ݓప෦ DW IUHTXHQF\ I ݓప෦ሺ݂ሻǡ LVFDOFXODWHGIURPWKHZHLJKWZLHYDOXDWHGDWIUHTXHQF\݂ ൅ ȟ ௜݂ݓ௜ሺ݂ ൅ ȟ ௜݂ሻǡ ZKLFK LV LQ WXUQ FDOFXODWHG IURP WKH SKDVH ߶௜HYDOXDWHGDWIUHTXHQF\݂ ൅ ȟ ௜݂߶௜ሺ݂ ൅ ȟ ௜݂ሻ)LJ  VKRZV UHVXOWV REWDLQHG DIWHU DSSO\LQJ WKH ZHLJKWLQJ
IXQFWLRQ LH HTXDWLRQV  DQG  WR WKHPHDVXUHPHQWGDWD
SUHVHQWHG LQ)LJ   ,W FDQEH VHHQ WKDW WKH VWHSREVHUYHG LQ
)LJLVQRORQJHUSUHVHQWLQWKHPHDVXUHPHQWGDWDLQ)LJ,W
FDQDOVREHVHHQWKDWWKHUHVXOWVLQ)LJYDU\VPRRWKO\DVD
IXQFWLRQRIIUHTXHQF\DFURVVWKHZKROHZDYHJXLGHEDQGDQGGR
QRW FRQWDLQ DQ\ RI WKH LQVWDELOLWLHV VHHQ LQ )LJ  DW DURXQG
*+] DQG  *+] 7KHUHIRUH )LJ  VKRZV WKDW WKH
ZHLJKWLQJIXQFWLRQKDVEHHQVXFFHVVIXO LQFRPELQLQJWKHWZR
VHWV RI PHDVXUHPHQW GDWD IRU WKH '87 DQG SURGXFLQJ D
SK\VLFDOO\PHDQLQJIXOVHWRIUHVXOWVIRUWKH'87







)LJD:HLJKWHGUHVXOWVIRUWKH5HDOFRPSRQHQWRI6IRUWKHPPOLQHVKRZQSUHYLRXVO\LQ)LJVDDQGD


)LJE:HLJKWHGUHVXOWVIRUWKH,PDJLQDU\FRPSRQHQWRI6IRUWKHPPOLQHVKRZQSUHYLRXVO\LQ)LJVEDQGE
9 0($685(0(1781&(57$,17,(6
:KHQ HVWDEOLVKLQJ WUDFHDEOH 91$ PHDVXUHPHQWV LW LV
LPSRUWDQWWRHVWLPDWHWKHXQFHUWDLQW\LQWKHPHDVXUHPHQWV$W
WKHVH YHU\ KLJK IUHTXHQFLHV LH ZKHUH ZDYHOHQJWKV DUH OHVV
WKDQ D PLOOLPHWHU LW LV H[SHFWHG WKDW UDQGRP HUURUV GXH WR
IODQJHWRIODQJHDOLJQPHQWGXULQJFRQQHFWLRQZLOOGRPLQDWHWKH
RYHUDOO PHDVXUHPHQW XQFHUWDLQW\  ,Q RUGHU WR HYDOXDWH WKLV
HIIHFWFRQVLGHUDWLRQLVJLYHQWRWKHIDFWWKDWIODQJHVRQERWKD
'87DQGWKH91$WHVWSRUWVZLOOEHLPSHUIHFWWRVRPHH[WHQW
)RUWKH91$WHVWSRUWVWKLVPHDQVWKDWLWLVOLNHO\WKDWGLIIHUHQW
PHDVXUHPHQW UHVXOWVZLOOEHREWDLQHG IRUQRPLQDOO\ WKH VDPH
GHYLFHZKHUHWKHGLIIHUHQFHVDUHGXHWRSK\VLFDOGLIIHUHQFHVLH
ZDYHJXLGHDSHUWXUHVL]HVKDSHIODQJHWROHUDQFHVHWFEHWZHHQ
WKHWHVWSRUWVRISRUWDQGSRUWRIWKH91$6LPLODUO\IRUD
JLYHQ'87LWLVOLNHO\WKDWGLIIHUHQWPHDVXUHPHQWUHVXOWVZLOO
EHREWDLQHGZKHQFRQQHFWHGWRWKHVDPH91$WHVWSRUWLIWKH
'87LVURWDWHGWKURXJKqSULRUWRFRQQHFWLRQ7KHQDWXUH
RIWKHZDYHJXLGHIODQJHIRUWKLVVL]HRIZDYHJXLGH>@SHUPLWV
WZRSRVVLEOHRULHQWDWLRQVIRUWKHFRQQHFWLRQRID'87,IZH
FDOO RQH RI WKHVH RULHQWDWLRQV µXS¶ DQG WKH RWKHU RULHQWDWLRQ
µGRZQ¶ZHFDQ LGHQWLI\ IRXU SRVVLEOH FRQQHFWLRQRULHQWDWLRQV
IRUDWZRSRUWGHYLFHZKHQFRQQHFWHGWRDWZRSRUW91$

 '87 SRUW  FRQQHFWHG WR 91$ SRUW  ± '87 LQ µXS¶
SRVLWLRQ
 '87SRUWFRQQHFWHGWR91$SRUW±'87LQµGRZQ¶
SRVLWLRQ
 '87 SRUW  FRQQHFWHG WR 91$ SRUW  ± '87 LQ µXS¶
SRVLWLRQ
 '87SRUWFRQQHFWHGWR91$SRUW±'87LQµGRZQ¶
SRVLWLRQ

7KURXJKRXWWKLVSURFHGXUHSRUWRIWKHGHYLFHLVFRQQHFWHG
WR WKH RWKHU DYDLODEOH 91$ WHVW SRUW ± LH 91$ SRUW  IRU
RULHQWDWLRQVDQG91$SRUWIRURULHQWDWLRQVDQG%\
FRQQHFWLQJ D '87 XVLQJ WKH DERYH IRXU RULHQWDWLRQV DQ
LQGLFDWLRQRIWKHFRQWULEXWLRQWRPHDVXUHPHQWXQFHUWDLQW\GXH
WRIODQJHFRQQHFWLRQYDULDELOLW\FDQEHSURYLGHGE\DVWDWLVWLFDO
DQDO\VLVRIWKHGDWDREWDLQHGIURPHDFKRULHQWDWLRQ
)RUDJLYHQWZRSRUW'87IRUHDFK6SDUDPHWHU6LML 
M DWHDFKIUHTXHQF\ZHFDQFDOFXODWHWKHPHDQZKHUHQ
LVWKHQXPEHURIFRQQHFWLRQRULHQWDWLRQVQ 
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DQGDQLQGLFDWLRQRIWKHXQFHUWDLQW\
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
7KH PRGXOXV VLJQV LQ WKH VWDQGDUG XQFHUWDLQW\ FDOFXODWLRQ
HTXDWLRQ  FDXVH WKH VWDQGDUGXQFHUWDLQW\ WREH D VFDODU
TXDQWLW\ZKHUHDVWKHPHDQHTXDWLRQLVDFRPSOH[YDOXHG
TXDQWLW\   పܵఫതതതത LV WDNHQ DV WKH UHVXOW RI WKH PHDVXUHPHQW DQGݑሺ పܵఫതതതതሻ LVWDNHQDVWKHFRPSRQHQWRIPHDVXUHPHQWXQFHUWDLQW\GXH WR UDQGRP HUURUV $ PRUH GHWDLOHG WUHDWPHQW RI WKH
XQFHUWDLQW\LQWKH6SDUDPHWHUVFDQEHREWDLQHGE\DSSO\LQJWKH
WHFKQLTXHVJLYHQLQ>@7KHSURFHVVRIXQGHUWDNLQJWKHVH
UHSHDWHGFRQQHFWLRQVDOVRH[SRVHVDQRWKHUVRXUFHRIXQFHUWDLQW\
±QDPHO\HUURUVGXHWRWKHIOH[LQJRI WKHFDEOHVWKDWFRQQHFW
EHWZHHQ WKH 91$ IURQW SDQHO DQG WKH IUHTXHQF\PXOWLSOLHU
([WHQGHU+HDGVDVVKRZQLQ)LJ6\VWHPDWLFHUURUVGXHWR
WKH91$LQVWUXPHQWDWLRQLHOLQHDULW\QRLVHIORRUDQGWHVWSRUW
PLVPDWFKHVFDQEHHYDOXDWHGDQGFRPELQHGLQWKHXVXDOZD\
>@*HQHUDOO\LWLVIRXQGWKDWDWWKHVHIUHTXHQFLHVLWLVWKH
UDQGRPHUURUVFDXVHGE\IODQJHPLVDOLJQPHQWWKDWGRPLQDWHWKH
RYHUDOO PHDVXUHPHQW XQFHUWDLQW\ 7DEOH ,, VKRZV VWDQGDUG
XQFHUWDLQWLHV GXH WR WKHVH UDQGRP HUURUV LH 7\SH$ DORQJ
ZLWK VWDQGDUG XQFHUWDLQWLHV GXH WR V\VWHPDWLF HUURUV LH
7\SH% DW VHOHFWHG IUHTXHQFLHV IRU WKH GHYLFH ZKRVH
PHDVXUHPHQWUHVXOWVDUHVKRZQLQ)LJ7KLVWDEOHVKRZVWKDW
WKH 7\SH$ XQFHUWDLQWLHV DUH PXFK ODUJHU WKDQ WKH 7\SH%
XQFHUWDLQWLHVJHQHUDOO\E\PRUHWKDQDQRUGHURIPDJQLWXGH
FRQILUPLQJWKDWWKHVHUDQGRPHUURUVDUHWKHGRPLQDQWVRXUFHRI
PHDVXUHPHQW XQFHUWDLQW\ IRU ZDYHJXLGH XVHG DW WKHVH
IUHTXHQFLHV
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
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7KLVSDSHUKDVGHVFULEHGD VWUDWHJ\ IRUDFKLHYLQJ WUDFHDEOH
6SDUDPHWHU PHDVXUHPHQWV XVLQJ 91$V DW VXEPLOOLPHWHU
ZDYHOHQJWKVWR*+]7KHVWUDWHJ\VKRZVKRZ75/
FDOLEUDWLRQV FDQ EH VXFFHVVIXOO\ UHDOL]HG DW WKHVH YHU\ VKRUW
ZDYHOHQJWKVDQGKRZWKHUHVXOWLQJGDWDFDQEHFRPELQHGXVLQJ
D ZHLJKWLQJ WHFKQLTXH WR SURGXFH UHVXOWV WKDW VKRZ H[SHFWHG
SK\VLFDOEHKDYLRUDVDIXQFWLRQRIIUHTXHQF\$WHFKQLTXHKDV
DOVR EHHQ JLYHQ WR KHOS TXDQWLI\ XQFHUWDLQW\ GXH WR IODQJH
PLVDOLJQPHQWZKLFKLVH[SHFWHGWREHWKHGRPLQDQWVRXUFHRI
XQFHUWDLQW\ IRU PHDVXUHPHQWV LQ ZDYHJXLGH DW WKHVH
IUHTXHQFLHV
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1LFN 5LGOHU 0¶60¶)¶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UHFHLYHG WKH %6F GHJUHH IURP .LQJ¶V
&ROOHJH 8QLYHUVLW\ RI /RQGRQ 8. LQ
  +H KDV PRUH WKDQ  \HDUV¶
H[SHULHQFH ZRUNLQJ LQ LQGXVWULDO
JRYHUQPHQW DQG DFDGHPLF UHVHDUFK
HVWDEOLVKPHQWV+HLVFXUUHQWO\+HDGRI
(OHFWULFDO6FLHQFHDWWKH8.¶V1DWLRQDO
3K\VLFDO /DERUDWRU\ +H LV DOVR 1RQ
([HFXWLYH 'LUHFWRU RI /$7HFKQLTXHV /WG DQG D 9LVLWLQJ
3URIHVVRU DW WKH 8QLYHUVLW\ RI /HHGV 3ROODUG ,QVWLWXWH WKH
8QLYHUVLW\RI/LYHUSRRO'HSDUWPHQWRI(OHFWULFDO(QJLQHHULQJ
DQG (OHFWURQLFV DQG WKH 8QLYHUVLW\ RI 6XUUH\ $GYDQFHG
7HFKQRORJ\ ,QVWLWXWH +H LV D )HOORZ RI WKH ,QVWLWXWLRQ RI
(QJLQHHULQJDQG7HFKQRORJ\,(7DQGD)HOORZRIWKH,QVWLWXWH
RI3K\VLFV ,23+LVPDLQDUHDRI LQWHUHVW LVKLJKIUHTXHQF\
SUHFLVLRQHOHFWURPDJQHWLFPHDVXUHPHQWN+]WR7+]
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0¶60¶ ZDV ERUQ LQ
/LDRQLQJ &KLQD LQ +H UHFHLYHG WKH
%(QJ GHJUHH IURP 'RQJKXD 8QLYHUVLW\
&KLQD LQ  WKH 06F GHJUHH
'LVWLQFWLRQ IURP WKH 8QLYHUVLW\ RI
0DQFKHVWHU 8. LQ  DQG WKH 3K'
GHJUHH LQ (OHFWURQLFV DQG (OHFWULFDO
(QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI
*ODVJRZ8.LQ
+HEHFDPHD 3RVWGRFWRUDO5HVHDUFK $VVLVWDQW LQDQG
ODWHU D 3RVWGRFWRUDO 5HVHDUFK $VVRFLDWH DW WKH 8QLYHUVLW\ RI
*ODVJRZZRUNLQJRQGHYHORSPHQWRIPLOOLPHWHUZDYHVLJQDO
VRXUFHVDQGWHUDKHUW]LPDJLQJV\VWHPV+HMRLQHGWKH1DWLRQDO
3K\VLFDO/DERUDWRU\13/8.LQ-DQXDU\DVD+LJKHU
5HVHDUFK 6FLHQWLVW ZKHUH KH FRQWULEXWHG WR DQG OHG VHYHUDO
FRPPHUFLDOSURMHFWVDQG8.QDWLRQDODQG(XURSHDQUHVHDUFK
SURMHFWV+HZDV WKHPHDVXUHPHQWVHUYLFHSURYLGHU 063RI
WKHXOWUDIDVWZDYHIRUPPHWURORJ\VHUYLFHDW13/+HDOVROHG
ZRUN RQ PLFURZDYH DQG PLOOLPHWHUZDYH RQZDIHU
PHDVXUHPHQWV +H EHFDPH D OHFWXUHU DW WKH 8QLYHUVLW\ RI
*ODVJRZ LQ $XJXVW  DQG LV OHDGLQJ WKH 0LFURZDYH DQG
7HUDKHUW] (OHFWURQLFV *URXS +LV FXUUHQW UHVHDUFK LQWHUHVWV
LQFOXGH PLFURZDYH DQG WHUDKHUW] FRPSRQHQWV V\VWHPV DQG
PHWURORJ\DQGQH[WJHQHUDWLRQZLUHOHVVFRPPXQLFDWLRQV
'U/LKHOGDYLVLWLQJSRVLWLRQDWWKH$GYDQFHG7HFKQRORJ\
,QVWLWXWH $7,8QLYHUVLW\RI6XUUH\ LQ'U/LZRQWKH
EHVWQRQVWXGHQWSDSHUSUL]HDW/$3&DQGKDVSXEOLVKHG
PRUHWKDQMRXUQDODQGFRQIHUHQFHSDSHUV
0DUWLQ6DOWHU0¶UHFHLYHGWKH%6F
GHJUHH LQ SK\VLFV IURP WKH 8QLYHUVLW\ RI
0DQFKHVWHU DQG WKH 06F GHJUHH LQ
0LFURZDYH (QJLQHHULQJ IURP 8QLYHUVLW\
&ROOHJH /RQGRQ LQ  DQG 
UHVSHFWLYHO\ ,Q  KH MRLQHG WKH
(OHFWURPDJQHWLFV JURXS DW WKH 1DWLRQDO
3K\VLFDO/DERUDWRU\7HGGLQJWRQ8.+LV
PDLQ LQWHUHVW LV LQ KLJK IUHTXHQF\ HOHFWURPDJQHWLF
PHDVXUHPHQWV +H LV D PHPEHU RI WKH MRLQW 8QLYHUVLW\ RI
6XUUH\1DWLRQDO 3K\VLFDO /DERUDWRU\ QRQOLQHDU PLFURZDYH
PHDVXUHPHQWV	PRGHOOLQJODERUDWRULHVQPODEV,QKH
ZDV D YLVLWLQJ UHVHDUFKHU DW WKH .RUHDQ 5HVHDUFK ,QVWLWXWH RI
6WDQGDUGVDQG6FLHQFH'DHMHRQ6RXWK.RUHD
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